This study investigated the mechanical behavior of normal strength (NS) and high strength (HS) concrete containing recycled fine aggregates (RFAs). A high slump mixing design was employed, which may be potentially used as filled structural concrete. The compressive strength, tensile strength, and elastic modulus were measured according to the RFA replacement ratio and curing time. In addition, the shrinkage strain was measured in a temperature and humidity chamber over 260 days. The compressive strength and elastic modulus of RFA concrete were approximately 70-90% of those of virgin concrete. The decreases in the compressive strength and elastic modulus for NS concrete were larger than those for HS concrete. This could be explained by the difference in failure mechanism between NS and HS concrete. The average ratio of the compressive strength at 190 days to that at 28 days was 1.15-1.3, and the ratio of the tensile strength at 190 days to that at 28 days was 1.15-1.25. These demonstrate good strength development. The ratios between the elastic modulus and compressive strength for RFA concrete were dissimilar to those for virgin concrete but similar to those for recycled coarse aggregate concrete. ACI318-14 (Building code requirements for structural concrete and commentary, 2014) and Model Code (Fibmodel code for concrete structures, 2010) overestimated the elastic modulus of RFA concrete. Therefore, this study suggested an empirical expression to approximate the elastic modulus of RFA concrete. The increase in shrinkage owing to the use of RFA was at most 5-6% of the ultimate compressive strain of concrete. which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Introduction
The construction industry is responsible for 50% of the consumption of natural resources. The importance of recycling construction materials has been emphasized owing to the depletion of natural resources. A strategy to overcome the supply shortage of natural aggregates is the partial (or full) use of coarse and fine recycled aggregates (RAs). To utilize RA concrete as a structural concrete member, its mechanical behaviors should be investigated comprehensively. The use of recycled coarse aggregates (RCA) has been investigated extensively, including the use of structural concrete member (McNeil and Kang 2013; Sagoe-Crentsil et al. 2001; Smith et al. 2014; Wang et al. 2016; Wardeh et al. 2015) , recycling ceramic waste (Alves et al. 2014; Zegardło et al. 2018 ) and the surface modification effects of RCA (Choi et al. 2016; Ryou and Lee 2014; Ryu et al. 2018) .
Previous studies revealed that for a normal strength range, the compressive strength of RCA concrete decreased by approximately 15-30% from that of natural aggregate (NA) concrete as the RCA replacement ratio increased to 100% (Folino and Xargay 2014; McNeil and Kang 2013) . A current study has reported that the decrease in the compressive strength was less than 10% (Knaack and Kurama 2014; Tahar et al. 2017; Xie and Ozbakkaloglu 2016) . For a high strength range of over Page 2 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 55 MPa and 100% replacement with RCA, the compressive strength of RCA concrete was approximately 10% less than that of virgin concrete (Kanellopoulos et al. 2014; Pedro et al. 2017; Tam et al. 2015; Xie and Ozbakkaloglu 2016) . Recent studies on RCA concrete have reported that high strength (HS) concrete with RCA did not exhibit a significant reduction in the compressive strength. Furthermore, other mechanical properties such as the elastic modulus, indirect tensile strength, flexural strength, toughness, and fracture energy for RCA concrete were evaluated (Gholampour and Ozbakkaloglu 2018; Kou and Poon 2008; Zhou and Chen 2017 ). In addition, the time dependent behaviors were investigated by measuring the shrinkage and creep strains according to the RCA replacement ratio (Seo and Lee 2015; Tam et al. 2015) .
However, relatively few studies on recycled fine aggregates (RFAs) concrete have been performed because of the high porosity and high water absorption for RFA. The relatively high porosity of old cement paste leads to poor characteristics of the interfacial transition zone (ITZ) (Gómez-Soberón 2002) . Because of the high porosity of RFA, an water absorption rate of RFA was 11-13% (Evangelista and Brito 2007; Katz 2003; Kumar et al. 2017; Pereira et al. 2012a, b) , which was higher than that of natural fine aggregate. High water absorption can reduce the workability during concrete mixing. Moreover, drying shrinkage strain can increase with an increase in the replacement ratio of RFA.
Recently, the mechanical behaviors of RFA concrete have been enhanced. For RFA concrete with 100% replacement ratio, for example, Kumar et al. (2017) reported that the reductions in the compressive and splitting tensile strengths were 16% and 7.0%, respectively. For high strength concrete with RFA, the reduction in the compressive strength was 4-12% and the reduction in the splitting tensile strength was 24% for 100% RFA concrete (Pedro et al. 2017; Pereira et al. 2012a, b; Santos et al. 2017) . Additionally, most measured slump values of previous RFA concrete (Kurda et al. 2017; Pedro et al. 2017; Pereira et al. 2012a, b) were in the range of 80-134 mm. Although Yang et al. (2008) utilized high slump RFA concrete, i.e., 175-200 mm, their investigation was limited to the normal strength RFA concrete.
However, in comparison to studies on RCA concrete, those on RFA concrete are still scant, particularly for its use as a structural concrete member. Thus, further comprehensive investigations on the mechanical behaviors of RFA concrete with high slump property are required, including those that study enhancements to NS and HS concrete with pozzolanic powder, various replacement ratios of RFA up to 100%, and long-term behaviors of these mixtures.
In this study, the mechanical behaviors of NS and HS concrete mixed with RFA were evaluated according to the RFA replacement ratio and curing time. These behaviors included the compressive strength, indirect tensile strength, elastic modulus, and shrinkage strain. Five RFA replacement ratios were employed for both NS and HS concrete with the average slump of 214 and 217 mm, respectively. The compressive strength was measured at 3, 7, 28, and 190 days, whereas the splitting tensile strength was measured at 28 and 190 days. The long-term behavior was evaluated by measuring the drying shrinkage strain until 260 days. The measured compressive modulus of elasticity was compared with the previous experimental data on RFA and RCA concrete. Moreover, an empirical expression to predict the elastic modulus of RFA concrete is suggested.
Experimental Program
NS and HS mixing designs with five replacement ratios of RFA were used to investigate mechanical behavior. The compressive strength, splitting tensile strength, and modulus of elasticity were evaluated. In addition, the drying shrinkage strain was measured for investigating the longterm behavior.
Materials
Three types of aggregates were utilized in this study: natural coarse aggregate (NCA), natural fine aggregate (NFA), and RFA. NCA was prepared by crushing natural gravel, and NFA was obtained from river sand. RFA was obtained from a domestic manufacturer with a quality certification for producing recycled concrete aggregate (Sim and Won 2010; Won 2006; Won and Sim 2009 ). NFA and RFA were prepared from saturated surface dried (SSD) condition using ASTM C128 (2015) . The grain size distribution curves of the three aggregates are shown in Fig. 1 . The curves present that the aggregates Page 3 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 were within the requirements of the standard particle size distribution of ASTM C136 (2014). The specific weight and water absorption of the aggregates were measured based on ASTM C127 (2015), and the fineness modulus was calculated according to ASTM C33 (2010). The measured properties are summarized in Table 1 . In this study, the water absorption of RFA was 6.49%, which was three times higher than that of NFA. This was because of the old cement paste remaining on the surface of RFA. One notes that the water absorption of RFA used in this study was lower than that in the literatures, e.g. 8.5-13% (Evangelista and Brito 2007; Kumar et al. 2017; Kurda et al. 2017; Pereira et al. 2012b; Zega and Maio 2011) . Such improvement may be resulted from RFA productions of a local manufacture (Sim and Won 2010; Won 2006; Won and Sim 2009 ). Thus, the quality of RFA can be considered to be improved owing to lower porosity than that in the previous studies.
Additionally, the limit of water absorption for recycled aggregates varies according to the design specification. For example, Korean Construction Specification (2016), Spanish Code (2008), and RILEM TC 121 (1994) recommend the maximum water absorption of 3-4%, 5%, and 10%, respectively. Canada Standard Association (CSA A23.1-09 2008) specifies that the maximum water absorption of recycled aggregates is 3% for high quality, 3-6% for medium grade, and 6% or higher for low grade. However, AASHTO MP 16 (2010) , ACI 555-10 (2010), ASTM C33 (2010), and ASTM C33 (2016) do not provide a specific criterion for the water absorption of RFA. Thus, the measured water absorption was within the range specified in the RILEM TC 121 (1994), but it was higher than the ranges specified in Korean Construction Specification (2016), Spanish Code (2008), and CSA A23.1-09 (2008) .
As binding materials of concrete, ordinary Portland cement (OPC), FA, and ground granulated blast-furnace slag (GGBS) were utilized. The chemical compositions of the binding materials were measured using X-ray fluorescence (XRF), and the specific surface area was evaluated according to ASTM C204 (2011), as presented in Table 2 . These data were obtained from a manufacturer.
Mixing Proportions
The mixing proportions for NS and HS concrete were designed according to the change in the replacement ratio of RFA. The design strengths were 30 MPa and 60 MPa for NS and HS concrete, respectively. Five replacement ratios (i.e., 0%, 15%, 30%, 50%, and 100% by weight) were selected, resulting in a total of ten mixing proportions (see Table 3 ). Notably, concrete with zero replacement ratio of RFA, referred to as virgin concrete, provides the reference mechanical behaviors. The specimen IDs indicate the design strength and RFA replacement ratio. Aggregates were prepared under the SSD condition ASTM 128C (2015), and thus the effective w/c ratio was used in this study. Up to 10% and 20% of mineral admixtures of FA and GGBS, respectively, were added. These pozzolanic ingredients are known to reduce the hydration heats, which can decrease shrinkage cracks. Furthermore, they significantly improved the mechanical and durability properties of recycled aggregate concrete (Kumar et al. 2017) . A high slump value was maintained for all the mixing proportions by calibrating the amount of polycarboxylate-based superplasticizer (SP). For NS concrete, 3.16-3.75 kg/m 3 of SP was used, whereas 5.57 ~ 7.86 kg/m 3 of SP was added to HS concrete.
The raw materials were mixed in three stages (Table 4) . First, the fine and coarse aggregates were mixed in dry condition for 30 s. Subsequently, the binders were added and mixed for 30 s in dry condition. Finally, all the other materials were added and mixed for 90 s and 180 s for NS and HS concrete, respectively. Similar mixing processes were employed to guarantee denser concrete and improve the ITZ characteristics of the recycled Page 4 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 aggregates (Brand et al. 2015; Kou and Poon 2008) . Subsequently, the slump and air content were measured, as summarized in Table 5 . For NS concrete, the average slump and air content were 214 ± 5.5 mm and 5.3 ± 0.2%, respectively. The HS concrete demonstrated the average slump of 217 ± 2.4 mm and the air content of 3.4 ± 0.2%.
Specimen Fabrication and Curing
To measure the compressive strength, splitting strength, and elastic modulus, 180 cylinder specimens were fabricated. The diameter and length of the cylinders were 100 mm and 200 mm, respectively. A day after the specimen fabrication, the specimens were demolded and exposed to air-dry conditions. For the shrinkage strain measurement, twenty prism specimens (100 × 100 × 400 mm) were fabricated. Strain gauges were embedded at the center of the prism specimens along the longitudinal direction. After the prism specimens were demolded, they were placed in a temperature and humidity chamber at a constant temperature of 23.8 ± 0.4 °C and relative humidity of 52.5 ± 1.0% for 260 days.
Tests for Compressive Strength, Splitting Tensile Strength, and Modulus of Elasticity
The compressive strength tests were conducted according to ASTM C39 (2015) at 3, 7, 28, and 190 days. A load was applied with the loading rate of 0.3 MPa/s using a universal testing machine (UTM). The splitting tensile strength was tested at 28 and 190 days based on ASTM C496 (2005) . Two pieces of plywood of size (3 × 25 × 210 mm) were placed on each side of the cylinder. A load was applied with the loading rate of 1.4 MPa/ min using the UTM. The modulus of elasticity was measured at 190 days in compliance with ASTM C469 (2014). Page 5 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 
Drying Shrinkage Strain Measurement
Using the embedded strain gauge with a data acquisition system, the strains in the prism specimens were automatically recorded up to a period of 260 days. Twenty specimens were tested, and for each mixing proportion, the average strain of the two replicate specimens was used as the representative shrinkage strain.
Test Results

Compressive Strength
The measured compressive strengths for NS and HS concrete are summarized in Table 6 . The ratio of the compressive strength of RFA concrete to that of virgin concrete is shown in Fig. 2 (Note: the result of 60-R100 was not included because of a data acquisition problem).
The test results revealed that, as expected, the compressive strength increased with the increase in curing time.
The strength of RFA concrete generally decreased as the replacement ratio of RFA increased. In addition, the strength decrement ratios at the various curing stages were similar for each replacement ratio, as shown in Fig. 2 . For NS concrete, the compressive strength of RFA concrete (f′ c(RFA) ) decreased approximately 30% compared with that of virgin concrete (f′ c(NFA) ) when NFA was completely replaced by RFA. For HS concrete, the maximum strength reduction ratio was approximately 10%, when the replacement ratio increased to 100%. Thus, it was observed that the increase of the RFA replacement ratio did not significantly reduce the compressive strength of HS concrete.
Splitting Tensile Strength
The results of the splitting tensile test are shown in Table 7 . NS concrete exhibited a reduction in the splitting tensile strength with the increase in the replacement ratio of RFA, but no significant change was evident for HS concrete. These behaviors are similar to the compressive strength results. It was observed that for HS concrete, the amount of RFA did not affect the tensile strength significantly, particularly when the curing time was sufficient, i.e., 190 days or longer. Page 6 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 
Modulus of Elasticity
To measure the modulus of elasticity, the compressive stress versus strain relationship was measured (Fig. 3) .
The elastic modulus was then calculated using a chord modulus ASTM C469 (2014), which is the slope of two specified points on a stress-strain curve. One point is specified to be where the compressive stress is 40% of the compressive strength, and the other point is at the compressive strain of 5.0 × 10 −5 . The calculated modulus of elasticity is summarized in Table 7 . The results showed that for NS concrete, the elastic modulus generally decreased with an increase in the RFA repalcement ratio. However, the variation in the elastic modulus of HS concrete was insignificant for the different replacement ratios. Figure 4 shows the measured shrinkage strains for NS and HS concrete. The drying shrinkage strain of RFA concrete exhibited a smaller increase after 28 days. The maximum shrinkage strain for the samples with 100% RFA replacement ratio was measured to be below 1000 με for NS concrete and 800 με for HS concrete. These results are similar to those for virgin concrete (i.e., 200-800 με) as reported by ACI 209-05 (2005). The maximum shrinkage strain difference between virgin concrete and RFA concrete was approximately 200 με at 260 days, which is equivalent to 5.7% of the ultimate compressive strain of concrete (i.e., 3500 με). For RFA concrete, the drying shrinkage strain increased along with increase in its replacement ratio and was more than that of virgin concrete. This may be because a higher RFA replacement ratio results in a higher water content in concrete owing to RFA's higher water absorption. Page 7 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 HS concrete had a smaller drying shrinkage strain than NS concrete. This is because a larger amount of binding materials with similar water content (see Table 3 ) provides a denser microstructure, and thus, the effect of the replacement ratio on shrinkage strain was not significant for HS concrete.
Drying Shrinkage Strain
Discussion
Effects of RFA Replacement Ratio on Concrete Compressive Strength
The average compressive strength variations for NS and HS concrete according to the replacement ratio of RFA are plotted in Fig. 5 . Additionally, the previous experimental data for RFA concrete (Evangelista and Brito 2007; Kumar et al. 2017; Kurda et al. 2017; Pedro et al. 2017; Pereira et al. 2012a, b; Santos et al. 2017; Tahar et al. 2017; Yang et al. 2008; Zega and Maio 2011) and RCA concrete (Arezoumandi et al. 2015; Chen et al. 2016; Etxeberria et al. 2007; Folino and Xargay 2014; Kanellopoulos et al. 2014; Knaack and Kurama 2014; Kurda et al. 2017; Montero and Laserna 2017; Pedro et al. 2017; Tahar et al. 2017; Tam et al. 2015; Xie and Ozbakkaloglu 2016) are included for comparison. Both the current and previous experimental data for RFA concrete showed that compressive strength decreases with an increase in the RFA replacement ratio. However, the previous experimental data for RCA concrete showed that the decreased in compressive strength was insignificant, and the strength deviation tended to increase with an increase in the RCA replacement ratio for NS concrete. In addition, for RFA concrete, the decrease in strength for HS concrete was smaller than that of NS concrete (see Fig. 5 ). Thus, the RFA replacement ratio may not affect the compressive strength of HS concrete significantly. The different decreases in strength for NS and HS concrete may be associated with the different failure mechanisms.
Regarding the compressive failure of NS concrete, microcracks are generally formed along the interface between the paste and aggregate, i.e., ITZ. Thus, the failure surface generally corresponds to the boundary between the cement paste and aggregate. Thus Page 8 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 bonding strength along ITZ may affect the compressive strength of NS concrete. The ITZ characteristics of RFA concrete may not be as good as those of virgin concrete because of the old cement paste remaining on the RFA surface. Therefore, the compressive strength of NS concrete decreased with the increase in the RFA replacement ratio. For HS concrete, the failure surface does not always correspond to the boundary between the cement paste and aggregate. In other words, the interfacial strength along ITZ may be sufficiently high because of the dense hydrated components caused by a higher amount of binding materials, and thus the concrete material failure can be observed through grains of aggregates rather than ITZ. Basically, the compressive failure may be governed by other defects in concrete. Although ITZ characteristics of RFA concrete may not be as good as those of virgin concrete, the decrease in the compressive strength owing to RFA replacement was insignificant in this study, particularly for HS concrete. Figure 6 shows the development of compressive strength for NS and HS concrete according to the curing time. As the curing time increased, the compressive strength increased, as expected. The compressive strength of the test specimens increased by approximately 15-30% for NS concrete and 15-20% for HS concrete at 190 days compared with the strength at 28 days. The strength ratios for a specified day (t day ), i.e., f c ′(t day )/ f c ′(28), were similar for NS and HS concrete in this study regardless of the RFA replacement ratio. Similarly, the development of the splitting tensile strength for NS and HS concrete at 190 days is illustrated in Fig. 7 . The ratio of the splitting strength at 190 days to that at 28 days for NS concrete was higher than that for HS concrete. This was similar to the variation in the compressive strength ratios for NS and HS concrete. The ratio of the tensile strength at 28 days to that at 190 days was approximately 1.25 for NS concrete and 1.15 for HS concrete.
Relation Between Splitting Tensile Strength and Compressive Strength
The ratio of the tensile strength to the compressive strength according to the RFA replacement ratio is summarized in Table 8 . The strength ratios were on an average 8-10% for NS concrete and 6-7% for HS concrete. These were within the general range of the splitting strength ratio of concrete (Mindess and Young 2003) . In addition, the tensile strength ratio with respect to that of virgin concrete slightly increased along with the increase in the replacement ratio of RFA. This is because the reduction in the tensile strength of RFA concrete is less sensitive than the reduction in the compressive strength of NS concrete. However, there was no significant change for HS concrete. This is because the compressive and tensile strengths did not vary significantly with the increase in the RFA replacement ratio. The splitting tensile strength may be approximated using the compressive strength of RFA concrete with empirical equations, summarized in Page 9 of 13 Ju et al. Int J Concr Struct Mater (2019 ) 13:61 Raphael 1984 Zain et al. 2002) . It is noteworthy that these equations were initially developed for virgin concrete. The differences between the measured splitting tensile strength and approximated strength are plotted in Fig. 8 . In general, the empirical equations from the design standards (ACI 318-14 2014; Model Code 2010) marginally underestimated the splitting tensile strength for HS concrete. The differences between the measured strength and approximated strength were less than 10% in most cases. Furthermore, based on the previous and current experimental data, the relationship between the measured splitting tensile strength and the compressive strength is plotted in Fig. 9 . Although the tensile strength of the current study was slightly higher than that of the previous work, the measured tensile strength displayed similar tends according to the measured compressive strength. Then, a regression analysis provides the following empirical expression
(1) f st = 0.557 f ′ c for the approximation of the splitting tensile strength for a given compressive strength. One notes that the obtained expression is similar to the equation from ACI 318-14 (2014) , as shown in Fig. 9 . Accordingly, the Page 10 of 13 Ju et al. Int J Concr Struct Mater (2019) 13:61 existing empirical equations of virgin concrete can be utilized to estimate the splitting tensile strength of RFA concrete.
Relation Between Elastic Modulus and Compressive Strength
The modulus of elasticity can be estimated from the compressive strength of RFA concrete by using an empirical equation, as illustrated in Table 10 . Two empirical equations provided by ACI 318-14 (2014) and Model Code (2010) for virgin concrete were employed in this study. The comparison illustrated that the ACI 318-14 (2014) and Model Code (2010) equations overestimated the elastic modulus of NS concrete containing RFA.
The relationships between the measured compressive strength and measured modulus of elasticity are presented in Fig. 10 . The present experimental results for RFA concrete are denoted by solid markers. The previous experimental data for RCA concrete (Afroughsabet et al. 2018; Bilir 2016; Folino and Xargay 2014; Gholampour and Ozbakkaloglu 2018; Kou and Poon 2013; Ozbakkaloglu et al. 2017 ) and RFA concrete (Evangelista and Brito 2007; Pedro et al. 2017; Pereira et al. 2012a, b; Santos et al. 2017; Yang et al. 2008; Zega and Maio 2011) are indicated with empty markers for comparison. The comparison demonstrated that the ratios of the elastic modulus to the compressive strength for RFA concrete were like those for RCA concrete. From the comparative study, RFA (Evangelista and Brito 2007) RFA (Kumar et al. 2017) RFA (Pedro et al. 2017) RFA (Pereira et al. 2012a,b) RFA (Santos et al. 2017) RFA (Yang et al. 2008) RFA ( Ju et al. Int J Concr Struct Mater (2019) 13:61 it is concluded that the RFA concrete used in this study can have effective structural stiffness as a structural concrete member. This is similar to RCA concrete, which has been utilized as a structural concrete member. Furthermore, in this study, an empirical equation is proposed to estimate the elastic modulus of RFA (or RCA) concrete. This is because the design equations overestimated the measured elastic modulus, particularly for NS concrete (Fig. 10) . The following expression for the elastic modulus of concrete with recycled concrete aggregates is obtained based on regression analysis: which is indicated as a solid line in Fig. 10 .
Conclusions
This study investigated the mechanical behaviors of NS and HS concrete containing RFA. In the experiment, the five replacement ratios of RFA with a high slump property were employed. The compressive strength, tensile strength, elastic modulus, and drying shrinkage strain of RFA concrete were measured. Based on the experimental results, the key findings are summarized as follows:
• The compressive strength of RFA concrete decreased by approximately 30% and 10% for NS and HS concrete, respectively, as the replacement ratio of RFA increased from 0 to 100%. Similarly, the elastic mod-
(2) E c = 4.175 f ′ c ulus of NS concrete decreased with the increase in the RFA replacement ratio. However, the variation in the elastic modulus of HS concrete was not significant. The decreases in the compressive strength and elastic modulus for NS concrete were larger than those for HS concrete. These differences between NS and HS concrete may be resulted from the different failure mechanisms associated with ITZ. • The ratios of the elastic modulus to the compressive strength for RFA concrete were similar to those for RCA concrete. However, the design equations of ACI 318-14 (2014) and Model Code (2010) overestimated the elastic modulus of RFA (and RCA) concrete for a specified compressive strength. Therefore, an empirical expression was suggested to approximate the elastic modulus of RFA concrete. • The rate of compressive strength development was consistent regardless of the RFA replacement ratio. The average ratio of the compressive strength at 190 days to that at 28 days was 1.15-1.3, and the ratio of tensile strength at 190 days to that at 28 days was 1.15-1.25, demonstrating good strength development. Good compressive and tensile strength developments were demonstrated for long-term curing. • Regardless of the curing time and replacement ratio of RFA, the ratio of the splitting tensile strength to the compressive strength of RFA concrete was similar to the corresponding ratio for ordinary concrete. Thus, the existing empirical equations for ordinary concrete, e.g., ACI 318-14 (2014) RCA (Folino and Xargay 2014) RCA (Gholampour and Ozbakkaloglu 2018) RCA (Kou and Poon 2008) RCA (Ozbakkaloglu et al. 2018) RFA (Evangelista and Brito 2007) RFA (Pedro et al. 2017) RFA (Pereira et al. 2012a,b) RFA (Santos et al. 2017) RFA (Yang et al. 2008) RFA ( 
